Introduction
The rapid progress in personal and computer communication technologies demand integration of more than one communication systems into a single compact module. To comply with the above requirement compact high performance multiband planar antennas with good radiation characteristics are needed. A planar single feed dual L antenna of dimensions 30.5mm x 21.5mm x 13mm operating in GPS and PCS bands is proposed in [1] . The dual band antenna for the ISM band (2.4/5.8GHz) using a backed microstrip line proposed in [2] has an overall dimension of 30 x 20 mm 2 on FR4 substrate and offers a maximum gain of 4dBi. Dual frequency antenna configuration proposed in [3] uses triple stacked microstrip patch antennas with a slot in the middle patch, to achieve triple band operation. In this section a compact single feed planar antenna with three wide 2:1 VSWR operating bands around 1.8GHz, 2.4GHz and 5.8GHz respectively, covering four useful frequency bands namely GPS (1575.4MHz), DCS (1800MHz), 2.4GHz (2400-2485MHz) and 5.8GHz (5725-5825MHz) WLAN is presented. From the experimental and simulation results, it is understood that the lower resonance can be tuned by varying the length ll of arm 1. Resonance in the 2.4GHz band is influenced by the length ll + l2 -2 l3. When length l3 of the middle element is increased, the second resonance shifts upwards whereas; it gets lowered when the length l2 is increased. Dimensions of the reflector affect both the resonance frequency and impedance matching in the 5.8GHz band.
Antenna design
Another antenna with l1=79.4mm,l2=77.48mm and l3=60.54mm, exhibits resonance at 940MHz,1.85GHz and 5.2GHz respectively suitable for GSM/DCS/5.2GHz WLAN applications. 
Fig. B.2. Return loss characteristics of the antenna
The normalized E-plane and H-plane radiation patterns measured at the centre frequencies of the respective bands are shown in Fig.B.3 . The patterns are observed to be nearly omni directional in the H-plane, with a cross polar level better than -15dB in the bore-sight direction. The antenna exhibits similar radiation characteristics in all the desired bands.
The measured antenna gain against frequency is presented in Fig.B .4.
The antenna offers a peak gain of 7.38dBi in the GPS band. The maximum gain observed in the DCS, 2.4GHz WLAN, 5.8GHz WLAN bands are 3.73dBi, 4.22dBi and 4.65dBi respectively. The radiation performance of the antenna in all the above bands is summarized in Table. B1. It is observed 
